Aims/hypothesis Depressive disorders are associated with mortality within 18 months of presentation of diabetic foot ulcers (DFU). The main aim of this study was to determine whether depressive disorder is still associated with increased mortality in people with their first foot ulcer at 5 years. Methods This is a 5-year follow-up of a cohort of 253 patients presenting with their first DFU. At baseline, the Schedules for Clinical Assessment in Neuropsychiatry (SCAN) 2.1 was used to define those who met DSM-IV (Diagnostic and Statistical Manual 4th edition) criteria for depressive disorder. Cox regression analysis controlled for potential covariates: age, sex, marital status, socioeconomic status, smoking, mean HbA 1c , diabetes complications and ulcer severity. The main outcome was mortality at 5 years.
Introduction
Diabetic foot ulcers (DFU) are common in diabetes, with a lifetime risk of developing one estimated at one in four of all patients with diabetes [1] . UK prevalence rates range from 5.1% to 7.4% [2] [3] [4] , and elsewhere, for instance the Middle East, prevalence rates are 5.9% [5] . Incidence is also high and this varies between 2.1% and 2.2% in the Netherlands [6] and UK [3] , to 5.8% in the USA [7] . Risk factors for DFU include peripheral neuropathy, foot deformity, trauma, peripheral vascular disease and oedema [8] and male sex [9] . DFU precede most amputations in people with diabetes and have a significant adverse impact on the individual, healthcare systems and society [10] . People with DFU have to adjust to functional impairment that significantly impedes quality of life [11, 12] , and tend to use healthcare resources heavily [13] . Costs associated with DFU are mainly attributed to increased numbers of unscheduled admissions for the treatment of infection and amputation [7, 13] .
Depression is twice as common in people with diabetes than in general populations [14, 15] and is associated with adverse outcomes, such as increased morbidity and mortality [16] [17] [18] . Depression in diabetes is also associated with nonadherence to diabetes self-care [19] , worse glycaemic control [20] and diabetes complications [17] . Previously we reported a high rate (32%) of Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-IV) depressive disorder at the time of presentation of first DFU, and that this was associated with a threefold increased risk of mortality 18 months later [21] . We used a research diagnostic interview to assess depression as self-report measures tend to overestimate its prevalence [14] . Similar observations have been reported from secondary analyses of large cohort studies [22] [23] [24] [25] , but none used a psychiatric clinical interview at baseline, or a population cohort of people with complications and one was limited to older Mexican Americans [25] . One limitation of our original study is that the effect of depression on mortality at 18 months follow-up may have reflected the early stages of adjustment to the sudden onset of disability and change in role and responsibilities, and, if so, that this would be expected to disappear over time, especially if the ulcer heals and the patient gradually adjusts. On the other hand, as depression may have a chronic or relapse remitting course, its effect on mortality rates may be more long-lasting [26, 27] . The aim of this study was to continue the follow-up of this cohort of patients with their first DFU to test if the association between baseline DSM-IV depressive disorder and mortality changes (increases or decreases) over 5-year follow-up.
Methods
A population-based prospective cohort of adults with diabetes with their first ulcer on either foot (baseline ulcer) presenting at all hospital foot and community chiropody clinics between October 2001 and February 2003 was recruited from four health authorities (representing a general population of 2 million residents) in inner city south London, UK. Participants were initially followed up prospectively for 18 months from recruitment. This sample was then followed again, this time up to 5 years from recruitment.
At recruitment, type 1 and type 2 diabetes were defined according to WHO criteria [28] . Ethical approval was sought from local ethics committees of the participating centres and informed consent was obtained for each participant. The case definition for a DFU was: (1) the ulceration was in the anatomical foot; (2) there was a full thickness break in the epithelium with a minimum width of 5 mm; and (3) to exclude severely ischaemic feet, the ankle/brachial ratio was >0.5 and no greater than 1.5 (to exclude those with potential calcification of the medial arteries) at either the dorsalis pedis or posterior tibial sites using Doppler pressure readings. When participants had more than one ulcer at first presentation the largest ulcer was defined as the baseline ulcer [21] . First DFU with duration of greater than 1 year at recruitment were excluded to reduce effects of chronicity on quality of life and adverse outcome. The exclusion criteria were: (1) not fluent in English; (2) independent co-morbid medical condition (such as rheumatoid arthritis); (3) severe mental illness, such as schizophrenia, other psychoses, dementia. Further details of recruitment and tracing have been described previously [21] .
At baseline, data on sociodemographic and diabetesspecific status were recorded. We measured age at recruitment, sex, self-report ethnicity, marital status (married/cohabiting, separated/divorced, single) and socioeconomic status according to occupational class [29] . Smoking was coded as nonsmoker, ex-smoker or current smoker. The Alcohol Use Disorders Identification Test (AUDIT) was used to classify patients who reported hazardous and harmful alcohol consumption (score >8 was defined as having an alcohol problem) [30] . Mean percentage (and millimoles per mole) glycated haemoglobin value was derived from baseline, 12 and 18 months. Macrovascular complications were defined as prior myocardial infarct, coronary angioplasty, coronary artery bypass and peripheral angioplasty or cerebrovascular accident (CVA). Microvascular complications were defined as retinopathy (background or proliferative) measured using digital fundal examination, nephropathy (macroalbuminuria or on dialysis) and neuropathy (vibration perception threshold [VPT] ≥25 V). Ulcer size (square centimetres) was determined using digital imaging [31] ; severity of ulcer was graded according to the University of Texas Diabetic Wound Classification System [32] ; duration of ulceration (in months) was recorded from first presentation; degree of ischaemia was assessed using the ankle:brachial pressure index (ABPI). Measures at 18 months included as covariates were date of first amputation and of the first recurrent ulceration and the binary variable of whether the baseline ulcer healed.
The main explanatory variable, depression, was measured at baseline using the WHO Schedules in Clinical Assessment and Neuropsychiatry (SCAN) 2.1 [33] , which is a diagnostic research clinical interview to determine the presence or absence of minor or major depressive disorder according to the DSM-IV criteria and the methods used have been described in detail [21] . It closely resembles the psychiatric clinical interview and when non-expert SCAN 2.1 raters were compared with expert SCAN 2.1 raters, the sensitivity at diagnosing depression was 59% and the specificity 90% [34] . It is superior to self-report questionnaires for depression, which can only detect a potential case of depression, which should then be confirmed by a clinical interview.
The main outcome was date of death at 5-year follow-up and cause of death of survivors was obtained through the UK's Central Register Office (www.gro.gov.uk).
Statistical analysis STATA 11 (Stata, College Station, TX, USA) was used. Cox proportional hazards regression was used to study the relationship between baseline DSM-IV minor and major depressive disorders compared with no depression, with the binary outcome of mortality adjusting for the same baseline potential covariates contained in the analysis of the 18-month follow-up data to ensure comparability. Additional variables (macrovascular complications, neuropathy measured with vibration perception threshold, type of diabetes, presence of alcohol problems [AUDIT score] and treatment with antidepressant therapy at baseline) were investigated to ensure that no other contributing factors had become evident during the longer time frame. The estimated survival curve was plotted such that the adjusted hazard ratios were standardised using the average values of the covariates included in the model, with the exception of severity of ulcer and social class, which were standardised if the ulcer was severe or if the patient was in social class I or II. The analysis was repeated using depression as a binary variable.
Each variable was examined individually to check for the assumption of proportional hazards; this was done by constructing Nelson-Aalen plots. Once the multivariable model had been fitted, the proportionality of the model as a whole was examined by performing the Schoenfeld test [35] . Martingale residuals were plotted against covariates to detect non-linearity. The assumptions of Cox regression were assessed using the Schoenfeld test for the final model and Nelson-Aalen plots for the individual and did not reveal any major violations of the assumptions of proportional hazard.
In order to assess whether the association between depression and mortality differed at different time intervals, the hazard in the first 18 months of follow-up was compared with that in the subsequent 42 months to check for a significant difference. To achieve this, a Lexis expansion was applied to the data and a Poisson regression performed.
In order to see if a patient's hazard of mortality differed before and after their first amputation, amputation status was considered in the model as a time-updated covariate up to the first 18 months of follow-up.
Results
A total of 262 patients presented with their first DFU, and of these 253 consented and constituted the cohort. Our 5-year follow-up rate was 100% for mortality status. The prevalence of DSM-IV depressive disorder was 32.2% (n=82) at recruitment. The baseline characteristics of the sample are reported in Table 1 . No patients were receiving psychological treatment for depression at baseline. Ten patients were prescribed antidepressants (tricyclic [n=5] and selective serotonin reuptake inhibitor [n=5]): six of the ten had major depressive disorder and the remaining four had no depression (Table 1) . People with depressive disorder were more likely to be younger and have more severe and larger ulcers (Table 1) .
During the initial 18 months of follow-up there were 42 (15.8%) deaths, all due to natural causes. In the following 3.5 years there were a further 50 deaths, bringing the total deaths over the 5 years of follow-up to 92 (36.4%). Causes of death included: coronary heart disease (n=33); CVA (n=13); infection (n=31); end stage renal failure (ESRF) (n=4); cancer (n=9); complications due to liver disease (n = 1); and diabetic ketoacidosis (n = 1). Twenty-one (12.3%) of 171 non-depressed people and 21 of 82 depressed people (25.6%) died within the first 18 months, and of those remaining alive for the 5-year follow-up, 34 (22.7%) of 150 non-depressed people and 16 of 61 depressed people (26.2%) died within the 1.5-5-year follow-up period. In total, 55 (32.2%) of 171 non-depressed people and 37 of 82 depressed people (45.1%) died within the 5-year period.
In the Cox regression (n=246), after adjusting for covariates (age, sex, marital status, socioeconomic status, smoking, mean HbA 1c , and ulcer severity), baseline depressive status was significantly associated with mortality ( Table 2 ). The presence of DSM-IV minor and major depressive disorders was associated with an approximate doubling in the likelihood of death (HR 1.93 [95% CI 1.00, 3 .74] and HR 2.18 [95% CI 1.31, 3.65] respectively) compared with patients experiencing no depression (Fig. 1) . When the analysis was repeated using depression as a binary variable (depressed versus not depressed) a similar pattern was found (HR 2.09, 95% CI 1.34, 3.25) (Fig. 2) . The addition of variables, type of diabetes, neuropathy (vibration perception threshold ≥25 V) or the presence of one or more macrovascular complications, into the model did not affect the association between depression and mortality and therefore were not included in the model. Presence of alcohol problems (AUDIT score >8, p=0.773) and treatment with antidepressant therapy at baseline (overall p=0.100) were not significantly associated with mortality and not included in the final model, although they did slightly decrease the size of the effect of severe depression (HR 2.02, 95% CI 1.20, 3.39). There were no significant differences in hazards in the two follow-up time bands, the initial prospective 18 months of follow-up and the subsequent retrospective 42 months of follow-up (p=0.228). There was no interaction between depression status and time band (p=0.338) or a timedependent difference in the effect of depression (p=0.474). hazard functions are roughly parallel). However, the main exception to this was again sex, which showed hazards that appeared to diverge after approximately 2 years.
Discussion
This paper reports on the long-term, 5-year, follow-up of a population-based sample of people with their first DFU who were recruited to a prospective cohort study. We found that the association between depression at recruitment and risk of mortality remained highly significant even 5 years later, representing a twofold increase in risk. These observations were independent of main sociodemographics, HbA 1c , ulcer severity and complication status. Although a significant change in risk between the first 18 months of observation and afterwards could not be detected, there was a reduction in magnitude of the association with mortality over time. The smaller differences in relative mortality between depressed and not depressed groups in the second observation period (up to 5 years) compared with the first observation period (up to 18 months) requires further explanation. We do not know whether during the 5 years of observations non-depressed patients at baseline who died after 18 months could have developed depression causing a decrease in risk. However, this study does suggest that any depressive episode regardless of severity has a long-lasting impact. The question as to whether the depression has persisted during the 5 years or whether a history of depression has long-term effects on mortality cannot be addressed in this study. However, there is some evidence that depression in physical long-term conditions tends to be worse and of a more chronic course [26, 27] . The main strengths of this study are that we used a standardised psychiatric interview schedule to generate a diagnosis of clinical depression. Patients were recruited from hospital and community foot clinics, increasing the generalisability of the findings. The main limitation is that the 5-year follow-up data on mortality were collected retrospectively, but as we have achieved 100% data collection on our main outcome this is not a major bias. One limitation of using the SCAN 2.1 to diagnose depression is its low sensitivity (59%) [34] when delivered by non-experts, and therefore we may have underestimated the number of people with depression and therefore the association with mortality. However, prior to starting this intervention inter-rater reliability between the 'non-expert' nurse and 'expert' SCAN trainer and psychiatrist was 90% [21] . We were also unable to ascertain whether medication use, such as ACE inhibitors, aspirin and statins, differed significantly between the depressed and non-depressed groups. This could be a residual factor. We were not concerned that anxiety was a residual confounder as the prevalence was low and strongly correlated with depression when this was examined in a separate analysis.
Studies of foot clinic populations have repeatedly demonstrated that mortality rates are high [36, 37] , and that people who are depressed present with more severe ulceration [38] . Although our study is the only one reporting on the association between incident diabetic foot ulceration, clinical depression and mortality, there is now a growing body of evidence assessing the impact of depression on diabetic foot related outcomes. The Pathways Epidemiologic prospective cohort of 3474 adults with type 2 diabetes study and no prior DFU and amputations found a twofold increased risk of incident DFU in people with selfreported major depression at 4-year follow-up [39] . A prospective cohort of 333 people with diabetic peripheral neuropathy demonstrated that baseline self-reported depression predicted subsequent first (41% of 63 ulcers), but not recurrent, ulceration at 18-month follow-up [40] . More recently, a retrospective study examining the association between diagnosed depression and incident lower limb amputation in people with diabetes found that depression was associated with a 33% increased risk of amputation [18] .
Depression is a significant poor prognostic factor for people with diabetes in general, and even more so for people with diabetic foot ulceration. The underlying mechanism of the effect of depression on mortality is still to be explained. Although poor self-care is associated with depression [19, 41] , the current body of evidence does not consistently support the theory that reduced foot self-care mediates the association between depression and mortality in diabetic foot disease [21, 40] . For instance, glycaemic control did not mediate the association in this study nor in others [39] . Pathophysiological processes proposed to explain the relationship between depression and cardiac mortality, such as decreased heart rate variability as a result of changes in autonomic tone [42] , impaired platelet function [43] , cytokine activation [44, 45] and activation of the hypothalamic-pituitary-adrenal axis [46, 47] , all of which tends to occur in people with diabetic complications, are potential mechanisms, but more evidence is needed to support these theories.
Our study demonstrates that depression is a persistent risk factor for mortality in people with their first DFU. It also raises the question that early treatment of depression may help reduce mortality. The presence of an ulcer should alert clinicians for early screening of depression. Treatment of depression in people with diabetes has consistently demonstrated improvements in depressive symptoms, whether psychological, pharmacological or both [48] . The treatment of depression in people with diabetic foot disease has been less well studied but results from a randomised controlled trial of psychotherapy for inpatients with diabetic foot disease suggest that it may improve depression and foot outcomes [49] . Future research should concentrate on rapid identification and treatment of depression in people with diabetes, and further investigation into whether treating patients who are depressed with foot ulcers improves adverse outcome.
